Background: Hepatitis B virus (HBV) infection is a major cause of chronic liver disease worldwide. In immunocompromised patients, the chronicity rates of HBV infection are higher, but the rates of hepatitis Be antigen (HBeAg) and HBsAg loss and seroconversion to anti-HBe and anti-HBs are lower than those in immunocompetent subjects. This study aimed to evaluate articles on the prevalence of HBsAg in people living with human immunodeficiency virus (HIV) /AIDS (PLWHA) in Latin America and the Caribbean (LAC). Methods: We searched the PubMed, Latin American and Caribbean Health Sciences, and Embase databases for studies up to November 2016 on infection with HIV and HBV in LAC without period or language restrictions. We did not include case reports, case series, review articles, comments, or studies with a sample size smaller than 100. We also evaluated the quality of the articles using a list of criteria totaling 21 items. Results: Of the 28 selected articles (n = 18,457) published from 1999 to 2016, 18 studies (64.3%) were from Brazil, 3 (10.7%) were from Argentina, 2 (7.1%) were from Chile, 2 (7.1%) were from Cuba, 1 (3.6%) was from Colombia, 1 (3.6%) was from Venezuela, and 1 (3.6%) was from Jamaica. The mean score for the assessment of the study quality was 11.6 (range: 8-16). The estimated pooled prevalence of HBsAg among PLWHA in the selected studies was 7.0% (95% CI 7.0-7.0%). The pooled prevalence of HBsAg was 8.0% (95% CI 8.0-9.0%) in the studies published from 1999 to 2006 and 6.0% (95% CI 5.0-6.0%) in the studies published during the later timeframe. Conclusions: The results of this review indicate the need to increase the investment in preventive measures against hepatitis B, particularly when the impact of adequate vaccination in this population is considered. Future studies with larger sample sizes are needed in LAC to determine the true prevalence of hepatitis B throughout the region and to clarify and address the risk factors associated with the acquisition of infection.
Background
Hepatitis B virus (HBV) infection is a major cause of chronic liver disease worldwide, and approximately 350 million people are chronically infected. In the absence of antiviral therapy, 15% to 40% of patients positive for the hepatitis B surface antigen (HBsAg) develop progressive liver disease, cirrhosis, hepatocellular carcinoma, and terminal liver failure [1] . Because HBV is primarily transmitted via the parenteral and sexual routes and during the perinatal period similar to human immunodeficiency virus (HIV), coinfection with HIV and HBV is common [2] .
HIV infection appears to have a negative impact on the natural history of HBV infection. In immunocompromised patients, the chronicity rates of HBV infection are higher, but the rates of hepatitis Be antigen (HBeAg) and HBsAg loss and seroconversion to anti-HBe and anti-HBs are lower than those in immunocompetent subjects [3] [4] [5] .
Patients with HIV infection have lower serum alanine aminotransferase and albumin levels and higher serum HBV DNA levels than patients with HBV monoinfection. Additionally, the prevalence of cirrhosis is higher in HIV-positive patients [6] . Coinfection with HIV and HBV is associated with a higher rate of HBV reactivation and an increased incidence of cirrhosis and death from cirrhosis in cases with low CD4 counts. Coinfection is also associated with a higher incidence of hepatocellular carcinoma [7, 8] .
Other studies have suggested that HBV is associated with a rapidly progressive course of HIV infection [9] . A retrospective analysis indicated that the risk of death in 64 individuals coinfected with HIV and HBV was approximately two-fold higher than that in individuals with HIV monoinfection [10] .
The estimated prevalence of hepatitis B among people living with HIV/AIDS (PLWHA) is 5-20%. Therefore, approximately 2 to 4 million people living with HIV have chronic hepatitis B coinfection [2, 11] . Although several studies have evaluated the prevalence of hepatitis B in PLWHA in Latin America and the Caribbean (LAC), the results are conflicting among the evaluated regions and even within the same geographic area. This study aimed to evaluate the studies on the prevalence of HBsAg in LAC countries or territories.
Methods
We conducted a systematic review of published articles on the prevalence of HBV infection in PLWHA in LAC countries or territories. Our review was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement published in 2009 [12] (Additional file 1).
Search strategies
We . We manually searched the references of the selected studies and reviewed articles on the subjects to identify other relevant studies. Disagreements on the identification of relevant studies were discussed until a consensus was reached.
The studies eligible for reading of the titles and abstracts were selected independently by two researchers (E.A. and M.N.), and a list of potentially relevant studies was generated. Articles for inclusion in the review were selected after reading the full text (A.A.B. and W.M.B.).
The articles included were those that contained data on HBV infection in PLWHA, a serological diagnosis of HIV and HBV, and estimates of the prevalence of HBsAg in HIV-infected individuals.
Study selection
We included original articles that reported the prevalence of HBV in PLWHA in LAC with a sample size ≥100. We did not include case reports, case series, review articles, comments, studies whose participants did not live in LAC, or studies that contained the same case series presented in other publications. Regarding the latter studies, the article with the most complete data was included in the study. We excluded self-reported HIV and/or HBV infections, data obtained from mandatory reporting of HIV and/or HBV (e.g., databases of the local Ministry of Health), and studies whose participant selection method was unclear.
We used the following definitions: (1) HIV infection: the presence of anti-HIV antibodies measured by enzyme immunoassay; (2) 
Data extraction
Data were collected independently by two investigators (A.A.B. and W.M.B.), and disagreements were resolved via discussions and a consensus. The following data were collected from the articles: author name(s), year of publication, country (state in the case of Brazilian studies), period of data collection, type of study, sample size, mean age, gender of the participants, and number of HBsAg-positive individuals.
Some studies did not report all of the variables necessary for the calculation of prevalence. In these cases, the missing variables were calculated using other reported values (e.g., the numerator was calculated from the values of the denominator and the prevalence).
Quality assessment of the studies
Based on the criteria proposed by Boyle [13] , Fowkes and Fulton [14] , Loney [15] , and Prins [16] , we created a list of criteria related to the adequacy of the sample (11 items: adequate design, prospective collection, definition of the target population, probability sampling, sample size calculation, inclusion and exclusion criteria, specification of the collection period, specification of the age range, adequate participant selection, acceptable sample loss, and sample representativeness), data collection (4 items: standardization of collection, clear definition of the outcome, definition of the outcome, and description of the outcome measurement), and data analysis and presentation (6 items: description of statistical analysis, total number of participants, number of events (outcomes), prevalence by sex and age, prevalence with confidence interval, and satisfactory confidence interval), for a total of 21 items. The items were scored as positive or negative, and the importance of each item was not weighted. Higher scores (positive items) corresponded to higher-quality studies for our review. This assessment was made independently by two researchers (E.A. and M.N.). Disagreements in the evaluation of the quality of the studies were discussed, and a consensus was reached.
Statistical analysis
As a function of the expected heterogeneity among the selected studies, all meta-analyses were performed using random-effects models based on the DerSimonian and Laird method, which took into account variation among studies. Heterogeneity was assessed using Cochran's Q statistic (expressed as χ2 and p values) and the I2 statistic, which described the percentage of variation among studies explained by heterogeneity rather than by chance. I2 values higher than 25%, 50%, and 75% are considered evidence of low, moderate, and high heterogeneity among studies, respectively. Low I2 values indicate that the variability among estimates is compatible with random variation. Additionally, we investigated potential sources of heterogeneity using a meta-regression analysis. The following factors were assessed using both uni-and multivariate models: publication year (comparison between studies published from 1999 to 2006 and those published from 2007 to 2016), geographical area (comparison between studies conducted in Brazil and elsewhere), study design (whether the data collection was cross-sectional or non-cross-sectional), sample size (continuous variable), and quality score (whether the quality score was ≤10 or >10). We also performed an analysis considering two groups of studies: those published during the period from 1999 to 2006 and those published during the period from 2007 to 2016. In the studies published within the last ten years (2006 to 2016), we also analyzed the results stratified by sex and age group (<40 years and ≥40 years). All analyses were performed using Stata version 13 (Stat Corp LP, TX, USA) with the commands metan (for the randomeffects meta-analysis) and metareg (for the metaregression).
Results
We identified 1304 publications in Medline, Lilacs, and Embase, and no additional articles were found by the manual search ( Fig. 1 ). After excluding duplicates (80), 1224 articles were selected for reading of the titles and abstracts.
After reading, 1151 articles were excluded, and 73 articles were selected for reading of the full text. Of these, we selected 28 articles (n = 18,457) published from 1999 to 2016 for data extraction.
Of the 28 publications on the prevalence of infection with HBV in PLWHA, 18 studies (64.3%) were from Brazil, 3 (10.7%) were from Argentina, 2 (7.1%) were from Chile, 2 (7.1%) were from Cuba, 1 (3.6%) was from Colombia, 1 (3.6%) was from Venezuela, and 1 (3.6%) was from Jamaica ( Table 1 ). The sample sizes ranged from 129 to 2994 participants (mean: 659; median: 471). The mean score of the study quality assessment was 11.6 (range: [8] [9] [10] [11] [12] [13] [14] [15] [16] . No study was scored ≤7, 25 studies (89.3%) had scores between 8 and 14, and 3 (10.7%) studies had scores between 15 and 21 (maximum score: 21). The most common reasons precluding higher scores were the methods used for sample selection and the presentation of the results (the details of the quality assessment of the studies are shown in the Additional files 2 and 3). The characteristics of the studies and the sample populations are shown in Table 1 .
The estimated prevalence of HBsAg in the 28 selected studies in LAC ranged from 2.0% (95% CI 1.0-5.0%) to 15.0% (95% CI 9.0-24.0%); the pooled prevalence was 7.0% (95% CI 7.0-7.0%). The heterogeneity found was substantial among the estimates (I2 = 88.4%, p = 0.00) (Fig. 2) .
A possible source of heterogeneity may have been the period in which the selected studies were published (from 1999 to 2006 or 2007-2016) (meta-regression coefficient: −0.410846; p = 0.033) ( Table 2 ). None of the other factors investigated was significantly associated with heterogeneity. Figure 3 shows that the estimated pooled prevalence of HBsAg was 8.0% (95% CI 8.0-9.0%) in the 12 studies published from 1999 to 2006 and 6.0% (95% CI 5.0-6.0%) in the remaining selected studies published from 2007 to 2016 (Fig. 4 ). Considering the second study period (2007 to 2016), the estimated prevalence of HBsAg for males in seven selected studies ranged from 3.0% (95% CI 1.0-8.0%) to 10.0% (95% CI 8-11%); the pooled prevalence was 8.0% (95% CI 7.0-9.0%) (Additional file 4). For females (8 studies), the estimated prevalence of HBsAg ranged from 1.0% (95% CI 0.0-5.0%) to 4.0% (95% CI 3.0-8.0%); the pooled prevalence was 2.0% (95% CI 2.0-3.0%) (Additional file 5). For the participants aged ≥40 years (3 studies), the pooled prevalence was 5.0% (95% CI 4.0-6.0%) (Additional file 6), whereas in participants younger than 40, the pooled prevalence was 3.0% (95% CI 2.0-4.0%) (Additional file 7).
During the period from 1999 to 2006, 3 articles were published that analyzed the factors associated with HBV exposure. The factors most frequently associated with HBV infection were increasing age and homosexuality. During the later period (2007 to 2016), six studies performed the same analysis. The factors most frequently associated with HBV were the male sex, increasing age, intravenous drug use, and a history of sexually transmitted diseases.
Discussion
HBV infection is one of the leading causes of morbidity and mortality among people living with HIV/AIDS and other populations with immune deficiencies. In our review of the results of the available studies, we attempted to present a comprehensive overview of the literature on We systematically reviewed the studies conducted in LAC and found 28 studies from 7 countries (n = 18,457). Our review indicated that the pooled prevalence of hepatitis B in PLWHA in LAC was approximately 7.0%. In studies published during the last 10 years, the estimated pooled prevalence of HBsAg among PLWHA was 6.0%. During the latter period, the prevalence of HBsAg in male participants and participants aged ≥40 years was higher than the prevalence in women and in participants younger than 40 years of age.
We did not find any review study on the prevalence of hepatitis B among PLWHA in LAC. In areas of low endemicity, such as the United States and Europe, HBV and HIV are usually acquired in adulthood by sexual and percutaneous transmission [17] . In these regions, the prevalence of HBV coinfection among individuals with HIV varies from 5% to 10% depending on the route of infection. Konopnicki et al. [2] reported data on the prevalence of HBsAg in the EuroSIDA study. This prospective observational cohort study evaluated patients with HIV-1 from 72 centers located in Europe and, more recently, in Argentina and Israel. The authors found that 498 of 5728 patients (8.7%) were positive for HBsAg. The highest prevalence rates for HBsAg were found in Argentina (17.8%), northern and central Europe (9.1%), southern Europe (8.9%), and eastern Europe (5.9%). This result suggests that the prevalence of chronic hepatitis B in this group is 100-fold higher than the prevalence in the general population [2] . A study of patients with HIV infection from 11 geographic regions in the United States [11] indicated that the HBsAg prevalence was 7.6%, and it was higher in male homosexuals than in heterosexuals; moreover, the prevalence of HBV was 2.3% in participants who used antiretroviral drugs containing lamivudine and 7.8% among participants who did not use lamivudine. In countries with intermediate and high endemicity, the main transmission routes were perinatal and during childhood. Generally, HBV infection precedes HIV infection by decades [17] . In the endemic area of Sub-Saharan Africa, HBsAg is found in up to 36% of the HIV-infected population [18] . The authors of one systematic review investigated the prevalence of hepatitis B and C in Sub-Saharan Africa and found rates ranging from 1.1% to 35.7%. The highest rates were found in western African regions (Nigeria, Ghana, Ivory Coast, Gambia, and Burkina Faso). In a study conducted in patients from the TREAT Asia HIV Observational Database (TAHOD), which involved a multicenter cohort of patients with HIV in the Asia-Pacific region, the authors reported that 10.4% (591/5656) of the participants were HBsAg-positive [19] . A study conducted in China evaluated the prevalence of hepatitis B in 1958 HIV-infected patients [20] . Of the 1958 patients, 186 (9.5%) were HBsAg-positive. The rates varied widely depending on the studied region of the country; the participants from the eastern region had the highest prevalence (14.5%), whereas those from the central region had the lowest prevalence (5.0%). Both tropical and central Latin America exhibited a significant decrease in the prevalence of HBsAg between 1990 and 2005 [21] . Tropical Latin America (Brazil and Paraguay) was reclassified from an intermediate endemicity region to a low endemicity region. Similarly, the prevalence in central Latin America (Colombia, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama, and Venezuela) decreased during this period, and a shift to low endemicity was observed for most age groups in 2005. In other regions, such as Andean Latin America (Bolivia, Ecuador, and Peru) and The heterogeneity of the data on the prevalence of HBsAg in PLWHA also significantly limited the interpretation of the results. However, the analysis shown in Table 3 (prevalence of HBsAg in the general population in selected countries based on data by Schweitzer et al. [22] ) indicated that the actual prevalence of HBsAg in PLWHA was highly likely to be greater than the prevalence in the general population. The reported prevalence in studies published during the last ten years (Fig. 4) suggests that the prevalence of HBsAg among PLWHA is on average 6.7 times (range: 1.5 to 15.9) higher than that in the general population. Additionally, the overall prevalence of HBsAg in Brazil, Colombia, and Venezuela decreased when comparing the data from 1990 and 2005 [21] . The countries shifted from an intermediate endemicity region (2-8%) to a low endemicity region (<2%), likely due to the implementation of vaccination against hepatitis B in children younger than 1 year of age in 1998. However, the prevalence of HBsAg in PLWHA appeared to remain between 2% and 8%.
The available data from the last 10 years showed that male individuals aged ≥40 years were the most affected by HBV infection. Age is a known risk factor associated with HBV, likely due to increasing exposure over time. We observed that the male sex was also a risk factor, likely due to the more frequent exposure to risk factors involved in HBV transmission, especially sexual contact.
The results of this review indicate that the prevention of HBV infection in PLWHA and HIV infection in the population with chronic hepatitis B has not been effective in LAC. Of the known strategies to prevent HBV infection, the most efficient is universal vaccination. In addition to immunization against hepatitis B, active recognition of chronic hepatitis B carriers is necessary. This measure is necessary to allow this population to receive specific treatment and to prevent the progression to well-known complications, which are more severe and rapidly progressive in patients with immunodeficiency, and the spread of infection, which is transmitted primarily via the sexual and vertical routes.
This study has limitations. Studies on the prevalence of HBsAg are unavailable in various regions. Populationbased studies are rare in all LAC regions, including areas in which the prevalence of HBsAg in the general population is at the intermediate level of endemicity, such as Belize (4.71%), the Dominican Republic (4.09%), Jamaica (3.76%), and Suriname (3.9%), and those with high levels of endemicity, such as Haiti (13.55%) [22] . Thus, more studies are necessary to elucidate the burden of coinfection with HIV and HBV in LAC. However, our results indicate the need to increase the investment in preventive measures against hepatitis B, particularly when the impact of adequate vaccination in this population is considered. 
